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Design and Synthese of Thiourea-Based Neutral  




Molecular recognition is one of the most important subjects in supramolecular 
chemistry, which comprises neutral molecule, cation and anion recognition. Since the 
great importance of anions in chemical, biological, environmental and 
pharmacological sciences, anion recognition and sensing based on synthetic receptors 
has drawn increasing attention recently. Generally, addressing anions always possess 
several inherent difficulties, such as their larger sizes (larger than cations in general), 
varied shapes and pH dependence, thus design of anion receptors and their sensing are 
still a challenging subject. In nature, anion recognition is achieved through the 
cooperation of multiple hydrogen bonding, the development of neutral receptors 
based on hydrogen bonding has become a necessity for receptors with excellent 
anion-recognition ability. Of which thioureas capable for forming double hydrogen 
bonds with anions have received particular attention. 
In this dissertation, we employed thiourea as a binding site to construct a series 
of anion receptors. Sensing mechanisms of these receptors were investigated by 
UV-Vis absorption spectroscopy, fluorescence spectroscopy, IR, MS, NMR, and X-ray 
diffraction.  
This dissertation consists five chapters. 
In Chapter 1, we reviewed the recent progress in designing neutral anion 
receptors based on (thio)urea. Based on these researches and the previous work in our 
lab, the blueprint of this dissertation was presented and demonstrated. 
In Chapter 2, synthesis and characterization of receptors for anion recognition 
















3-phenylpropanamide)- N’-phenylthioureas , N - (quinoline-8-carboxamide) - 
N’-phenylthiourea and N-(Benzamido-15-crown-5)- N’-phenylthiourea. The 
equipments, materials and methods involved in this dissertation were also described. 
In Chapter 3, based on cheap and easy available phenylalanine, we synthesized N 
- (2-(dimethylamino)- 3-phenylpropanamide)- N’-phenylthioureas , in which chirality 
was introduced. Influence of anion on the absorption and the transmission of the 
charility were investigated. 1H NMR titrations and CD spectra in MeCN indicated that 
once anion binds to N - (2-(dimethylamino)- 3-phenylpropanamide)- 
N’-phenylthioureas, the rigidity of the receptor-anion is enhanced. In this way, the 
charility can be transferred from the side of amide to the group of thiourea via the 
formation of N-N bond, while the charility in the side of amide is also enhanced. In 
MeCN trans-ADA binding to the receptor, a new CD signal in CD spectra was  
appeared at long wave which could be assigned to the absorption of trans-ADA. This 
phenomenon proved that chirality can be passed from the side of amide to the thiourea group and 
then to the anion through hydrogen bonds. This is important for the research of catalysis using 
thiourea.  
Inspired by the related research of foldamers by Bing Gong and Zhan-Ting Li, a 
new strategy was proposed in Chapter 4. The quinolion group was introduced to form 
intramolecular hydrogen bond which could stabilizes the hydrogen bonding network 
of the anion-receptor complexes. Crystal structure and 1H NMR titration in CD3CN 
showed that intramolecular hydrogen bonding between amide -NH proton and 
quinolion N did exist. It was expected that by introducing this intramolecular 
hydrogen bonds, anion binding ability of the resultant receptors would be enhanced. 
This strategy was successfully applied to design and synthesize N - 
(quinoline-8-carboxamide) - N’-phenylthiourea. The anion binding constant of N - 
(quinoline-8-carboxamide) - N’-phenylthiourea in acetonitrile are enhanced by 1-2 
orders than those of classical thioureas. Besides, the protonated N - 
(quinoline-8-carboxamide) - N’-phenylthiourea can recognize Cl in MeCN. 
The simultaneous complexation of alkali metal cations and accompanying anions 


















decade. In Chapter 5, we described the synthesis of N-(Benzamido-15-crown-5)- 
N’-phenylthiourea and the influence of Na+ and K+ on the binding ability between 
receptor and the binding anions. It was found that the complexation of both the cation 
and anion by a ditopic receptor enhances salt lipophility, thus facilitating its solubility, 
extraction and membrane transport. Furthermore, the binding of the first ion can affect 
the subsequent coordination of the counterion. This coordinate effect can significantly 
increase the binding affinity between the receptor-cation complex and anions. The 
complex of Na+ and N-(Benzamido-15-crown-5)- N’-phenylthiourea presented good 




















第一章  (硫)脲类中性阴离子受体研究进展 
 
1.1 前言 


































































































高于阳离子结合，阴离子结合常数会随溶剂极性降低而提高，即H2O < DMSO < 













































Teramae等设计合成了系列不同链长(n=1-8)苯基硫脲类受体分子 1。当其n  
1 时[31]，MeCN中受体分子于 340 nm处的 大吸收随阴离子的加入而红移，其
中 CH3CO2
的加入可使1的 大吸收峰位置红移至365 nm并于450 nm处观察到
肩峰，溶液颜色亦由无色转变为黄色。阴离子诱导的光谱红移顺序与阴离子结合
常数变化顺序一致，均为CH3CO2
  H2PO4 > Cl >> ClO4。而当n ≥ 1 时[32]，
受体分子 1 由于烷基链长度的不同而位于囊泡(DDAB)的不同位置，实现了水溶
液(pH 7.5)中对阴离子的选择性识别，但其选择性顺序与MeCN中不同，如n = 1




































加入甲醇后溶液颜色可恢复淡黄色，表明 4 与F系氢键方式结合。4 与F以 1:2
计量比结合，而对光谱影响较小的CH3CO2
和H2PO4
与 4 的结合比均为 1:1，
CH3CO2
仅能使溶液由淡黄色转变为金黄色，其它离子均未引起溶液颜色变化。






设计合成了含 4 个阴离子结合位点的受体分子 5a-c[36]并考察了其与一系列阴离
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